The beneficial effects of probiotic Enterococcus spp. in different hosts, such as mice and humans, have previously been reported in several studies. However, studies of large domestic animals, as well as challenge studies with pathogenic microorganisms, are very rare. Here, we investigated the influence of oral treatment of pigs with the probiotic bacterium Enterococcus faecium NCIMB 10415 on Salmonella enterica serovar Typhimurium DT104 infections in weaning piglets. Clinical symptoms, fecal excretion, the organ distribution of Salmonella, and the humoral immune response (immunoglobulin G [IgG], IgM, and IgA levels) in serum were examined. A pool of 89 piglets was randomly divided into probiotic and control groups. The probiotic group received a feed supplement containing E. faecium starting on day 14 postpartum prior to challenge with Salmonella serovar Typhimurium DT104 at 28 days postpartum. After challenge with Salmonella serovar Typhimurium DT104, piglets in both groups showed no severe clinical signs of salmonellosis. However, fecal excretion and colonization of Salmonella in organs were significantly greater in piglets fed E. faecium. Likewise, the humoral immune response against Salmonella (serum IgM and IgA levels) was significantly greater in the probiotic group animals than in control animals. The results of this study suggest that E. faecium NCIMB 10415 treatment enhanced the course of infection in weaning piglets challenged with Salmonella serovar Typhimurium DT104. However, the probiotic treatment also appeared to result in greater production of specific antibodies against Salmonella serovar Typhimurium DT104.
The problem of increasing microbial resistance to antibiotics resulting from years of overuse and the resulting ban on the use of antibiotics in animal production have led to increased interest in alternatives to antibiotics in animal production. In recent years, probiotic bacteria have been considered as an alternative means of reducing pathogen loads in animal breeding and production units. However, while a number of studies have focused on the mode of action of probiotics, the mode of action these bacteria is not fully understood yet.
A recent interdisciplinary research study of the modes of action of probiotics in swine showed that Enterococcus faecium NCIMB 10415 reduced the pathogenic bacterial load of healthy piglets (20, 26, 30, 36) . In vitro studies further demonstrated that this E. faecium probiotic strain decreased the rate of invasion of a porcine intestinal epithelial cell line by Salmonella enterica serovar Typhimurium. To determine whether probiotics also provide a measure of protection during infections, experimental challenge studies with pathogenic bacteria at a defined infectious dose and under comparable conditions seem to be necessary. Field studies could be more representative of the real situation; however, the infection pressure is too low and difficult to define, and systematic sampling cannot be done.
Studies of larger domestic and production animals are rare. Most such studies deal with the mode of action of probiotics in the healthy host, and only a few studies have investigated the mode of action in the context of infections with pathogenic bacteria, such as Salmonella.
In a related study, weaned piglets were fed a mixture of five probiotic strains (one Pediococcus strain and four Lactobacillus strains) and challenged with Salmonella serovar Typhimurium (7) . In that study, reduced incidence, severity, and duration of diarrhea and a reduced microbiological load of Salmonella were observed. Fedorka-Cray et al. (11) observed reduced numbers of Salmonella bacteria in cecal contents and at the ileocolic junction in S. enterica serovar Choleraesuis-challenged weaning piglets fed a competitive exclusion culture. In vitro investigations showed that Enterococcus strains have inhibitory effects on the growth of S. enterica serovar Enteritidis, and these effects were explained by both enterotoxin and nonenterotoxin factors (37) . Other studies showed that E. faecium may be beneficial to the adhesion and colonization of Clostridium jejuni in the canine intestine (29) and reduced the rate of carryover infections with obligate intracellular pathogens from infected sows in piglets (26) . E. faecium has also been shown to influence the composition of the bacterial community in the avian, swine, and canine gastrointestinal tracts (25, 29, 36) .
Infections with S. enterica are some of the most important sources of human gastroenteritis (39) . In Germany, 52,563 human salmonellosis cases were reported in 2006 (http://www3 .rki.de/SurvStat). The consumption of contaminated pork and pork products was found to be associated with 20% of human salmonellosis cases in Germany (33) , indicating the importance of meat or meat products as a potential source of infection for consumers. Salmonella serovar Typhimurium, especially phage type DT104, is the Salmonella serotype most frequently isolated from pork (27) , and it is of particular concern because of its acquisition of multiple antibiotic resistance (1, 38) .
In this study, we investigated the effect of E. faecium NCIMB 10415 on the infection dynamics of Salmonella serovar Typhimurium DT104, fecal shedding, and the patterns of Salmonella distribution in internal organs, as well as on the humoral immune response to Salmonella in weaning piglets. To the best of our knowledge, this is the first experimental study of the mode of action of a probiotic strain of E. faecium in which dissemination to different internal organs was investigated using weaned piglets experimentally infected with Salmonella.
MATERIALS AND METHODS
Animal study. A total of 89 weaning piglets (10 litters) were investigated using the following study design. A group of 10 sows (crossbred Landrace and Duroc) were randomly divided into two groups (probiotic group and control group). The sows in the probiotic group were treated with the probiotic strain E. faecium NCIMB 10415 (Cylactin; Roche) starting on day 25 of gestation. The piglets of the sows in the probiotic group (n ϭ 43) had free access to supplemented prestarter feed from day 14 until day 28 and to supplemented starter feed from day 29 to day 56. The sows in the control group and their litters were not treated with the probiotic. Piglets in both the probiotic (n ϭ 43) and control (n ϭ 46) groups were weaned at 28 days postpartum and challenged with Salmonella serovar Typhimurium DT104 on day 29 postpartum by intragastric application using a stomach tube. Each piglet was sedated by intramuscular application of 1.0 mg/kg azaperon prior to infection.
Two piglets from each litter were randomly selected and sacrificed at 3, 24, and 72 h postinfection (p.i.); the remaining animals were monitored for 4 weeks and sacrificed at day 28 p.i. During necropsy, the liver, the spleen, the kidneys, the palatine tonsils, the mandibular lymph nodes, segments of the colon, the jejunal lymph nodes, and muscle samples from the forelimb, hind limb, and diaphragm were collected, and the presence and numbers of Salmonella serovar Typhimurium DT104 bacteria were determined.
During the observation period, the following clinical parameters were monitored: (i) the general condition and fecal consistency, which was measured daily using a macroscopic score from 1 to 6 (firm to liquid); (ii) the rectal temperature, which was taken daily; (iii) the prevalence and numbers of Salmonella bacteria in feces, which were determined daily for the first 5 days p.i. and then twice a week; (iv) the prevalence of specific immunoglobulins in blood samples obtained before infection and then at weekly intervals; and (v) weight, which was determined for all pigs twice a week.
Bacterial strains. The E. faecium NCIMB 10415 strain used was in a microencapsulated form in a commercial batch of the European Commission-authorized probiotic feed additive Cylactin LBC ME10 (lots C00020-P00009, C00013-P00006, and C00001; Cerbios-Pharma, Barbengo, Switzerland). Cylactin LBC ME 10 was included in the diets of sows, suckling piglets, and weaned piglets at levels of 100 ppm, 25 ppm, and 30 ppm, respectively. The diets for sows and weaned piglets were pelleted at 50°C (measured in the conditioner).
An isolate of a multiresistant Salmonella serovar Typhimurium DT104 strain (BB 440) obtained from a swine with sepsis was used for animal challenge; this strain was also nalidixic acid resistant. The Salmonella strain was cultured in Luria broth at 37°C overnight. Portions (1 ml) of the precultures were used to inoculate 100 ml of prewarmed Luria broth and grown at 37°C to an optical density of 2.0, corresponding to an average bacterial count of approximately 3 ϫ 10 9 cells/ml. Each pig was infected with 2 ml of this culture mixed with 8 ml buffered peptone water (BPW) (catalog no. 1.12535; Merck, Darmstadt, Germany).
Detection of Salmonella in feces.
Approximately 10 g of rectal fecal samples was inoculated into 1% BPW and homogenized using a Stomacher 400 (Seward, London, United Kingdom) for 2 min at high speed. During the first 10 days p.i., quantitative detection was performed using a spiral plater (Whitley, Meintrup DWS, Germany) with a detection limit of 100 CFU/g because of the expected high rate of excretion of Salmonella in feces. After this, enumeration of Salmonella was carried out by direct plating to decrease the detection limit (10 CFU/g). One milliliter from the first dilution was streaked onto 3 XLD (xylose-lysinedeoxycholate; catalog no. 1.05287; Merck) agar plates (catalog no. CM 469; Oxoid, Hampshire, United Kingdom) supplemented with 50 g/ml nalidixic acid and incubated at 37°C for 48 h.
For qualitative analysis, the remaining liquid was used for enrichment cultures that were incubated at 37°C for 24 h, and the following day 0.1 ml was inoculated onto MSRV (modified semisolid Rappaport-Vassiliadis medium; catalog no. CM 900100; SR161E; Oxoid) agar plates and incubated at 42°C for 24 h.
Detection of Salmonella in internal organs. Tissue samples (10 g) were immersed in 95% ethanol, flamed, minced aseptically, and homogenized with BPW (1:10) using a stomacher for 2 min at high speed. All samples were examined for Salmonella serovar Typhimurium quantitatively by direct plating and qualitatively as described above.
Blood samples and serological examination. Blood samples for preparation of serum were obtained from the cranial vena cava, coagulated overnight at 4°C, and centrifuged, and the serum fraction was collected and stored at Ϫ20°C until analysis. Swine sera were analyzed for the presence of anti-Salmonella antibodies using the Salmotype pig STM-WCE enzyme-linked immunosorbent assay test system according to the manufacturer's instructions (Labordiagnostik Leipzig, Leipzig, Germany). The test kit is designed to discriminate between Salmonellaspecific immunoglobulin M (IgM), IgA, and IgG antibodies. The results were calculated using a reference standard method and are expressed below in enzyme-linked immunosorbent assay units per ml.
Statistical analysis. Statistical analysis was conducted using the software SPSS 12.0 (SPSS, Inc., Chicago, IL). Multivariate analysis of variance was used to evaluate the influence of the probiotic diet and of the time after infection on clinical signs, fecal excretion, and the patterns of distribution of Salmonella in internal organs and the humoral immune response (IgG, IgM, and IgA titers).
Differences between the probiotic and control groups 3 h, 24 h, 72 h, and 28 days p.i. were also evaluated using quantitative results. The Student t test was used for normal distributions. When nonparametric analysis was required, the Mann-Whitney U test was used. The 2 test was performed to calculate the differences between the two feeding groups for qualitative results, such as the number of Salmonella-positive samples. Differences were considered significant if the P value was Ͻ0.05. For graphic representation of results, box-whisker plots were used. The boxes indicate the medians (horizontal lines) and the lower and upper quartiles (lower and upper sides of the boxes). Outliers, numerically distant from the rest of the data, were included for determination of the statistical significance.
RESULTS
Clinical signs. During the postinfection observation period (28 days), the body weights of animals in the two feeding groups increased continuously and showed similar patterns that corresponded to the normal development of body weight in healthy weaned piglets. Elevated body temperatures over 40.0°C were observed in the control and probiotic groups for 31% (5/16) and 69% (9/13) of the animals, respectively. When the data for the two groups were compared, no significant difference was detected.
When fecal consistency was examined, diarrhea was observed in 3% of the animals in both the control and probiotic groups within the first 3 days p.i. During the 4-week observation period, 38% (6/16) of the animals in the control group and 62% (8/13) of the animals in the probiotic group exhibited diarrhea, whereas 50% of the animals in the probiotic group showed severe diarrhea (score, 6 [liquid feces]). Statistical analysis using the 2 test revealed no significant differences in the development of fecal consistency between the two feeding groups.
Fecal shedding of Salmonella serovar Typhimurium DT104. Salmonella serovar Typhimurium DT104 was isolated from feces of all animals 1 day p.i., and all animals in the probiotic group excreted Salmonella in their feces until the end of the study, except for one animal which was Salmonella negative at day 28 p.i. For the control group, Salmonella was detected in feces as early as day 13 p.i. in 31% of the animals (5/16). This tendency was observed until the end of the experiment. At days 13 (P ϭ 0.048), 15 (P ϭ 0.020), 20 (P ϭ 0.020), and 22 (P ϭ 0.048) p.i., the numbers of animals shedding Salmonella in their feces were significantly higher for the probiotic group than for the control group.
The levels of Salmonella shed in feces during the first 3 days p.i. varied from Ͻlog 3 to log 8.1 CFU/g for the control group and from Ͻlog 3 to log 7.8 CFU/g for the probiotic group. A continuous decrease in Salmonella excretion was observed for both groups starting at day 1 (Fig. 1) . The level of Salmonella excreted in the feces of 88% (14/16) of the animals in the control group was under the detection limit (log 1 CFU/g). At days 4 (P ϭ 0.040), 13 (P ϭ 0.036), 15 (P ϭ 0.001), 20 (P ϭ 0.000), 22 (P ϭ 0.019), and 28 (P ϭ 0.010) p.i., the numbers of Salmonella bacteria in fecal samples were significantly higher for animals in the probiotic group than for animals in the control group.
Dissemination of Salmonella serovar Typhimurium DT104 in internal organs. Salmonella serovar Typhimurium was recovered from all tissue samples investigated. For both the control and probiotic groups the highest detection rates were the detection rates for the tonsils and the colon, followed by the jejunal lymph nodes, but Salmonella was detected only infrequently in other organs.
Salmonella was isolated from the tonsils of all animals in both diet groups sacrificed 3, 24, and 72 h p.i., and the maximum concentrations were 5.7 log CFU/g for the control group and 5.3 log CFU/g for the probiotic group, which were found as early as 3 h p.i. (Fig. 2) . Two animals in the probiotic group and one animal in the control group had no Salmonella in their tonsils after the 4-week observation period. The comparison of bacterial colonization for the different sacrifice days revealed no significant differences between the two feeding groups when t tests were used, although animals in the probiotic group tended to have a higher Salmonella count on each day investigated. However, the numbers of Salmonella bacteria recovered from the tonsils were significantly higher for the animals in the probiotic group as a whole than for the animals in the control group (P ϭ 0.003).
In the colon samples, Salmonella was detected 3 h p.i. in 30% (3/10) and 80% (8/10) of the animals in the control and probiotic groups, respectively. At 24 and 72 h p.i., Salmonella was found in all colon tissue samples from animals in both diet groups, and after the 4-week observation period, colon samples were positive for 50% (8/16) of the control animals and for 69% (9/13) of the probiotic group animals. Statistical analysis using the 2 test revealed that at 3 h p.i. significantly more Salmonella-positive colon samples were detected for animals in the probiotic group than for animals in the control group (P ϭ 0.025). The highest levels of Salmonella serovar Typhimurium were detected in colon samples from animals in both diet groups at 24 and 72 h p.i. (Fig. 3) , in which again the levels of Salmonella were significantly higher at 3 h p.i. in animals in the probiotic group than in animals in the control group (P ϭ 0.045).
Salmonella was isolated from the jejunal lymph nodes for 60% (6/10) of animals in the control group and for 90% (9/10) of animals in the probiotic group (Fig. 4) . Similar to the find- ings for the colon samples, Salmonella was detected in all jejunal lymph node samples from animals in both diet groups at 24 and 72 h p.i., and at day 28 p.i., 50% (8/16) of control animals and 69% (9/13) of probiotic group animals were still positive for Salmonella. However, in contrast to the data for the colon samples, no statistical differences were observed between the control and probiotic-treated groups. Salmonella counts were generally below the detection limit in the spleen, liver, kidney, and mandibular lymph nodes for both diet groups (data not shown). However, Salmonella counts in the foreleg could be determined for seven animals in the probiotic group (up to log 2.4 CFU/g) and for two animals in the control group (up to log 2.2 CFU/g) (Fig. 5) . Statistically, the number of Salmonella bacteria in the forelimb muscle samples was significantly higher at 3 h p.i. for the probiotic group (P ϭ 0.036) than for the control group. Furthermore, when all data were analyzed irrespective of the date of sacrifice, the results for hind limb muscle samples showed that there was a significantly higher number of Salmonella-positive animals in the probiotic group (P ϭ 0.020).
Serological results. Anti-Salmonella IgG levels increased from days 21 and 28 p.i. in animals in the probiotic and control groups, respectively (Fig. 6) . In general, the mean serum IgG levels for the probiotic group remained higher than those for the control animals; however, no significant differences were found between the two groups.
As early as 1 week p.i., the anti-Salmonella IgM levels were significantly higher (P ϭ 0.009) in animals in the probiotic group than in animals in the control group, whereas the IgM levels in both diet groups were similarly low at days 21 and 28 p.i. (Fig. 7) . Similar to the IgM levels, the anti-Salmonella IgA levels increased in the probiotic group, but a statistical analysis indicated that the IgA levels in animals in the probiotic group were significantly higher than those in animals in the control group on days 7 (P ϭ 0.024), 14 (P ϭ 0.029), 21 (P ϭ 0.005), and 28 (P ϭ 0.0016) p.i. (Fig. 8) . 
DISCUSSION
The results of our study showed that addition of E. faecium NCIMB 10415 to the diet of weaned piglets that were challenged orally with 10 9 CFU/pig of Salmonella serovar Typhimurium DT104 did not result in significant differences in clinical symptoms compared to the symptoms of animals that did not receive probiotic treatment. However, we observed moderate increases in the incidence of liquid feces and elevated body temperature in the probiotic group. This result contrasts with the results of another challenge study, in which a fivestrain probiotic combination was used and a decreased incidence of liquid feces in pigs was reported (7) . Other studies of pigs treated with E. faecium but not subjected to a pathogen challenge also demonstrated that the incidence of postweaning diarrhea was lower in the probiotic group (23, 36) . The observed clinical symptoms induced by Salmonella serovar Typhimurium DT104 after oral exposure to 10 9 CFU/pig are consistent with several previous studies of Salmonella infection in swine (16, 31, 43) . The data for body weight gain in piglets did not show any significant differences between the two diet groups. Similar findings were obtained in other studies of the effects of E. faecium in noninfected pigs (6, 36) . However, in 35% of 40 peer-reviewed studies of supplementation of feed of pigs with probiotics, a significant positive effect on the average daily weight gain was observed (32) . However, one should consider the fact that the probiotics used in these trials consisted of different strains and were administered to animals in different preparations. Several studies have suggested that the growth-promoting effects of probiotics become more effective as the environmental and nutritional challenges confronting the animal are exacerbated. Thus, it is possible that the conditions used were not severe enough to discriminate positive performance effects (6, 22, 36) .
The results of our study further revealed that the amount of Salmonella excreted in feces on several days (days 4, 13, 15, 20, 22, and 28 p.i.) was significantly larger for the probiotic group on October 14, 2017 by guest http://aem.asm.org/ than for the control group. In comparison, the results of the few previous challenge trials with different probiotic strains, various pathogens, and animal models show that there is either similar fecal excretion in probiotic and control groups or decreased fecal excretion in the probiotic group (7, 10, 13, 19, 29, 45) . After Salmonella infection, pathogenesis is characterized by three phases: first, colonization of intestines; second, invasion of enterocytes; and third, bacterial dissemination to lymph nodes and organs (4) . Several organs, including the tonsils, serve as important sites for persistence and dissemination of Salmonella (10, 21) . The results of our study are consistent with other reports which showed that all organs investigated were affected after Salmonella serovar Typhimurium DT104 infection in pigs (4, 15, 41, 42) . In addition, the tonsils were identified as the most highly colonized organs, followed by the gastrointestinal tract and the gut-associated lymphatic tissue. Corresponding with findings of other studies (31, 43) , high concentrations of Salmonella were detected in tonsils 3 h and 28 days p.i. for both diet groups. One possible explanation for the high levels of Salmonella in these organs could be the continuous contact with other infected pigs and their feces (i.e., continuous oral-nasal reinfection from fecal shedding of infected animals). Based on the observation that the amount of Salmonella in feces of animals in the probiotic group was larger than that the amount in the control group, the reinfection level of tonsils in the probiotic group would also be higher. According to previous studies, Salmonella was able to invade the tonsils within 30 min after oral uptake or contact with the contamination source and within a few hours (2 to 3 h p.i.) colonized the mandibular lymph nodes, colon, cecum, and ileocaecal lymph nodes (5, 14, 21) . Results of our investigations show that both the qualitative and quantitative manifestations of Salmonella in the tonsils and colon were significantly greater for the probiotic group than for the control group, but only the tonsil samples showed a continued high Salmonella concentration at the end of this study (Fig. 2) . In contrast, most of the Salmonella counts for the spleen, liver, kidney, and mandibular lymph nodes and for various muscle samples were less than the detection limit for both diet groups, indicating that these organs play a minor role in bacterial colonization. However, the results for forelimb and hind limb muscle tissues showed that the number of Salmonella bacteria in animals in the probiotic group was significantly higher.
The immune status of the host is determined by a number of complex interactions, including factors such as immune cell interactions with bacteria and their products (2) . In several studies with swine challenged with Salmonella, the development of the humoral immune response in serum (IgG, IgM, and IgA) was described (8, 18, 35) . The results of this study indicated that there were earlier and higher IgM and IgA levels in the serum of probiotic-treated animals than in the serum of the control group animals. Benyacoub et al. (3) observed similar effects in the serum of newborn dogs fed E. faecium but not subjected to a challenge infection. In the present study at 1 week p.i. probiotic-treated animals showed high IgM and IgA activity, whereas control animals remained negative for these antibody classes, and for all days during the investigation the IgA titer in the probiotic-treated animals was significantly higher than that in control animals. No significant differences in the IgG titers between the two groups were observed. However, the average values for the probiotic-treated animals were higher than those for the control group animals at 3 and 4 weeks after infection. The curve for the IgG titers throughout the study (until 4 weeks after infection) indicated that no plateau was reached, suggesting that the IgG titers were still increasing. Therefore, the possibility that a significant difference might have occurred at a later time point cannot be excluded.
Although the intestinal mucosa is an effective barrier consisting of populations of intestinal epithelial and immune cells that are adapted to the presence of normal intestinal flora (28) , it is also one of the most common locations of infections. Competitive exclusion is one of the most important proposed beneficial health effects of probiotics, and a number of studies have indicated that probiotic bacteria have suppressive effects on pathogens. In vitro tests with E. faecium revealed an antagonistic effect against Escherichia coli K88 (12) and negative effects on the growth of Salmonella in vitro (37) . Other studies reported a reduction in the level of pathogenic intestinal bacteria after application of Enterococcus spp. to test animals (24, 26, 34) and a reduction in diarrhea in piglets (36, 44) . However, negative effects on the intestinal flora have also been reported. Vahjen and Männer observed a significant increase in the level of Salmonella and Campylobacter after E. faecium was fed to dogs (40) , and E. faecium was found to enhance the adhesion of Campylobacter to immobilized mucus isolates from dogs (29) .
Stimulation of the immune system by probiotic bacteria is another beneficial effect suggested by some authors, including authors who describe immune stimulation after the application of Enterococcus spp. (3, 17) . However, an additional consideration could be that the observed immune stimulation could also be the result of a stronger immunological challenge resulting from a change in the microbial status in the intestine (i.e., an increased pathogen load). Only a few animal studies have considered both changes in the immune parameters and effects on the microbial colonization of the gut. Two recent studies support the necessity for such approaches for clarifying the interaction between probiotics and the immune system. Sows and their litters given feed supplemented with E. faecium showed a reduction in Chlamydia infections (26) and lower frequencies of pathogenic E. coli serovars, but this was coupled with a reduced fraction of CD8 ϩ cells in the intestinal epithelium (30) . In the current animal study the impact of the probiotic E. faecium on the population of CD8 ϩ intraepithelial lymphocytes was also monitored. A significant reduction in the number of cytotoxic T cells was detected in the jejunum of the probiotic-treated piglets (L. Scharek-Tedin, unpublished data). However, in contrast to the previous studies, the sizes of the naturally occurring E. coli and Chlamydia populations were reduced; feeding animals E. faecium in this study appeared to favor the invasion and dissemination of Salmonella, which was followed by an elevated antibody response against the pathogen. In the current animal infection study with weaned piglets challenged with Salmonella, the sows were shown to have been free of antibodies against the pathogen. The piglets were therefore completely dependent on functional cellular immunity during this first contact with the pathogen. The reduction in the CD8 ϩ level in this situation could have been a critical disadvantage, leading to a more severe infection. An interesting observation that supports this suggestion was reported in a study with feedlot steers. E. faecium induced an inflammatory response against a probiotic yeast strain when both microbes were administered together (9) . These observations suggest that during an acute infection or challenge, treatment with E. faecium prepares the ground for later infection with intestinal microbes. In summary, the E. faecium probiotic-treated animals were found to be less able to defend themselves against a Salmonella infection than the animals in the control group, as shown by increased excretion of Salmonella in the feces, as well as greater colonization of organs. However, the elevated intestinal bacterial load and the levels of Salmonella in tissues and lymphoid organs also resulted in earlier and more intense development of humoral immunity. Whether the humoral response (i.e., IgA, IgM, and/or IgG titers) represented an enhanced immune response as a result of the probiotic treatment or the natural immune response to elevated Salmonella loads in tissues requires further study.
